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Objectives: To study the natural course of screening-detected symptomless abdominal aortic aneurysm (AAA) in elderly 
men. 
Setting: MalmiS, a city in southern Sweden with 230 000 inhabitants and a single referral hospital. 
Materials: 423 seventy-four-year-old men, randomly selected from the population and belonging to the prospective 
population study "Men born in 1914" were invited. 343 underwent AAA screening, whereas 80 declined or had 
moved. 
Chief outcome measures: Five year all cause mortality in relation to participation in and flndings at ultrasound screening 
for AAA. 
Main results: An abdominal aortic aneurysm was present in 38 (11%) out of 340 men who underwent screening and who 
had a native aorta. During 5 years of foUow-up, one third (13/38) of these men died; 7from myocardial infarction and 3 
from stroke. The mortality rate in men with AAA was 80.2/1000 person years; twice as high as it was in men without AAA 
(39.4/1000 person years; p = 0.018). Six men underwent AAA surgery. None of them died from aneurysm rupture. 
However, aneurysm surgery did not reduce the total mortality rate in these men. The highest mortality rate, 91.9/1000 
person years, was found in the men who did not participate in the screening. 
Conclusions: It is our conclusion that screening for early detection and intervention is of questionable value from a public 
health perspective. 
Introduction AAA in a cohort of 74-year-old men, invited for 
screening by ultrasound. 
Ultrasound screening for detection of asymptomatic 
abdominal aortic aneurysm (AAA) has been recom- 
mended by some as a solution to the poor prognosis of 
patients with imminent or manifest rupture of AAA. 1"2 
Screening remains a controversial issue. 3-5 The 
increased morbidity and mortality from myocardial 
infarction and stroke in aneurysm patients has been 
documented in several clinical studies. 6-9 A successful 
screening programme should not only lead to early 
detection and treatment. Above all, the objective 
should be to avoid premature death. 
This study from the prospective population study 
"Men born in 1914" deals with the natural course of 
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Materials and methods 
Study cohort 
The cohort study "Men born in 1914", Malm6, 
Sweden, was designed to investigate cardiovascular 
and pulmonary disease, and has been running since 
1969.1° In 1982/1983, all men born in the even months 
of 1914 and residing in Malm6 were invited to a health 
examination close to their 68th birthday. Of 621 
invited, 500 (76.8%) participated in this examination 
which included assessment of smoking habits and 
measurements of blood pressure and of plasma lipids. 
A limited assessment of atherosclerotic risk factors 
was also made in the 121 non-participants. 1~ 
Between 1983 and 1988, 77 (15.4%) of the 500 men 
who took part in the 1982/1983 health examination 
had died. The remaining 423 men that in 1988 were 
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eligible were invited to attend for ultrasound screen- 
ing to detect abdominal aortic aneurysm (AAA). 
Three-hundred and forty-three (81.1%) participated, 
whereas 12 (2.8%) had moved from the cit)~ and 
another 68 (16.1%) declined participation. 
Ultrasound examination of the abdominal aorta 
All examinations were performed by a single, spe- 
cially trained radiologist. 12 Real-time equipment 
(Hitachi 400 linear array) was used. Three subjects, 
who previously had undergone abdominal aortic graft 
surger~ were excluded from further analysis. Mean 
( + 1 S.D.) external aortic diameter was, at the level of 
the coeliac trunk, 25 + 3 mm, and the median diame- 
ter (10th-90th percentile) was 25 (22-30) mm. Corre- 
sponding estimates of the external aortic diameter at 
the aortic bifurcation level were 20 + 6 mm, and 19 
(16-25) mm, respectively. 
The normal aorta tapers distally and the main 
criterion for normality was such tapering. Any local 
aberration from this was measured and the diameter 
and length of any such bulging measured. An abdomi- 
nal aortic aneurysm (AAA), defined either as a 
bulging of the abdominal aorta or as an external aortic 
diameter exceeding 35 mm, was present in 38 (11.1%) 
out of 340 subjects. In 21 of the men, the AAA was 
larger than 30 mm, and in six the diameter exceeded 
50 mm. All men with an AAA were referred to the 
department ofvascular surgery. The decision whether 
to treat the aneurysm surgically or to follow it by 
repeat ultrasound examinations was made by the 
vascular surgeons involved in the study. 
Risk factors for atherosclerotic disease 
Systolic and diastolic (phase V) blood pressure was 
measured sphygmomanometrically withthe subject in 
a sitting position after 15 min of rest. Blood pressure 
was recorded to the nearest 5 mm Hg. Hypertension 
was defined as systolic or diastolic brachial blood 
pressure _> 160/95 mm Hg or medication for hyper- 
tension. ~3 Plasma cholesterol levels were analysed by 
24 standard methods and expressed in mmol/1. Smok- 
ing habits were assessed by means of a structured 
questionnaire. The men were considered to be either 
current smokers; ex-smokers (who had quit at least a 
month prior to investigation); or non-smokers. 
Mortality surveillance 
All abdominal ultrasound examinations were carried 
out during March and April 1988. To create similar 
follow-up conditions in participants and non-partici- 
pants, the follow-up for each subject commenced on 
April 1st, 1988, and continued until his death or until 
March 31st, 1993. Mortality data were obtained from 
the Mortality Register of the Swedish National Bureau 
of Statistics. In 47.5% (47/99) of the deaths, an autopsy 
was performed. Cases coded 410.0-412.9 according to 
the ICD code, 8th revised version, were registered as 
deaths from ischaemic heart disease (IHD), and cases 
coded 430.0-438.441.9 asdeaths from cerebrovascular 
disease (CBD). Cases coded 441.0-9 were considered 
as deaths from aortic aneurysm; and, especially, cases 
coded 441.20 were regarded as deaths from AAA. 
Mortality rates were expressed as deaths per 1000 
person years of observation. 
Statistical methods 
Survival analysis, using the Kaplan-Meier method 
with the generalised Wilcoxon test was used to study 
mortality in men with and without AAA, and in men 
who did not participate in the ultrasound examina- 
tion. 15 In the analysis of risk factors, 95% confidence 
intervals (CI) were calculated around the estimates of 
means and of proportions, and the chi-square test was 
used to evaluate difference in AAA prevalence in 
relation to presence of risk factors. 
Results 
Mortality in screening-detected AAA 
Thirteen (34%) of the 38 men with abdominal aortic 
aneurysm (AAA) died during the 5-year follow-up 
period (Tables 1 and 2). Twelve (92%) of the deaths 
were caused by atherosclerosis-related diseases: even 
men died from ischaemic heart disease (IHD), three 
from cerebrovascular disease (CBD), one from rup- 
tured AAA, and another from dissecting aneurysm of 
the thoracic aorta (Tables 1 and 2). Only one death 
from non-vascular cause (pulmonary carcinoma) 
occurred in this group. Six of the men underwent 
elective aneurysm resection during the course. Three 
of them died later during the follow-up period; two 
from IHD and one from CBD (Table 1). 
Of the 302 men without signs of AAA at 74 years of 
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Table 1. Course during 5-year fol low-up of 74-year-old men with abdominal aortic aneurysm (AAA) at ultrasound screening 
Case no. AAA measurements Aneurysm resection Death 
Diameter Length Follow-up time Indication 
(mm) (mm) (months) 
Follow-up time Cause of death 
(months) 
1 21 33 - - 
2 21 21 - - 
3 24 20 - - 
4 25 36 - - 
5 25 . - - 
6 26 27 - - 
7 26 80 - - 
8 27 28 - - 
9 27 26 - - 
10 28 30 - - 
11 28 33 - - 
12 29 80 - - 
13 29 75 - - 
14 29 32 - - 
15 29 63 - - 
16 30 70 - - 
17 30 64 - - 
18 31 70 - - 
19 32 52 - - 
20 32 46 - - 
21 34 27 - - 
22 35 45 - - 
23 35 55 - - 
24 35 72 - - 
25 39 61 - - 
26 42 35 - - 
27 45 76 - - 
28 47 67 - - 
29 47 72 - - 
30 47 63 - - 
31 48 75 2 Elective 
32 50 90 2 Elective 
33 51 60 - - 
34 55 150 19.5 Elective 
35 60 60 3.5 Elective 
36 60 77 33 Elective 
37 61 94 19 Elective 
38 70 100 - - 
30 IHD 
4.5 IHD 
52 IHD 
7.5 Ca pu lm 
14 IHD 
58 diss. AA 
37 CBD 
40 IHD 
39 IHD 
54 CBD 
47 AAA 
58 IHD 
8.5 CBD 
age ,  54  (18%)  d ied  dur ing  fo l low-up  (Tab le  2). O f  
these ,  12 (22%)  d ied  f rom IHD,  seven  (13%)  f rom CBD 
and  f i ve  (9%) f rom other  card iovascu la r  causes ,  
whereas  19 (35%)  d ied  f rom neop lasms and  11 (20%)  
Table 2. Causes of death during 5 years of fol low-up of 74-year-old 
men in relation to participation in and findings at ultrasound 
screening of the abdominal aorta 
No AAA AAA Non-participants 
Number  of men 302 38 80 
Number  of deaths 54 13 30 
Causes of death 
AAA 0 (0%) 1 (7.7%) 1 (3.3%) 
Other aortic aneurysm 0 (0%) 1 (7.7%) 0 (0%) 
IHD 12 (22.2%) 7 (53.8%) 9 (30.0%) 
CBD 7(13.0%) 3 (23.1%) 3 (10.0%) 
Other CVD 5 (9.2%) 0 (0%) 3 (10.0%) 
Neoplasms 19 (35.2%) 1 (7.7%) 7 (23.3%) 
Other causes 11 (20.4%) 0 (0%) 7(23.3%) 
f rom other  causes  (Tab le  2). The  h ighest  mor ta l i ty  
(38%)  was  found  in  the  80 men who d id  not  
par t i c ipate  in  the  u l t rasound sc reen ing  examinat ion .  
N ine  (30%)  o f  the  30 deaths  in  th i s  g roup  were  due  to  
IHD.  One  o f  the  non-par t i c ipants  d ied  postoperat ive ly  
a f te r  emergency  surgery  fo r  a ruptured ,  8 cm AAA 
(Tab le  2). The  mor ta l i ty  ra te ,  expressed  as  deaths  per  
1000 person  years  o f  observat ion ,  was  39 .4  in  men 
w i thout  AAA at  sc reen ing  (Tab le  3) (F ig.  1). Men w i th  
AAA had  a tw ice  as  h igh  mor ta l i ty  ra te  (80.2 deaths /  
1000 person  years )  (p =0.018) ,  whereas  i t  was  91.9 
(p < 0.001)  in  non-par t i c ipants .  
Risk profile in men with and without AAA 
Of  men w i th  AAA at  74 years  o f  age ,  79% had  
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Table 3. Five year all cause mortality rate in 74-year-old men in relation to participation in and f inding at ultrasound screening for 
abdominal aortic aneurysms (AAA) 
Total mortality 
Group Ultrasound screening n Number of Total follow-up Deaths/1000 p-value when 
deaths (%) time (years) person years compared with 
Group I Group 2 
1 No AAA 302 54 (17.9%) 1371.9 39.4 
2 AAA 38 13 (34.2%) 162.2 80.2 0.018 
Not operated AAA; diameter <30 mm 15 6 (40.0%) 
Not operated AAA; diameter 230 mm 17 4 (23.5%) 
Operated AAA 6 3 (50.0%) 
3 Non participants 80 30 (37.5%) 326.5 91.9 <0.001 0.657 
hypertension at a health examination 6 years before 
(95% CI 66-92%). Ninety per cent (95% CI 87-93%) 
were or had been smokers, and 29% (95% CI 15-43%) 
had a history of IHD, defined as angina pectoris or 
previous MI at 68 years of age (Table 4). In compar- 
ison, 58% (95% CI 53--64%) of men without AAA had 
hypertension; 79% (95% CI 74-84%) had a history of 
smoking, and 14% (95% CI 10-18%) had IHD. The 
prevalence of hypertension i men with AAA was not 
different between those who died (77%; 95% CI 
54-99%) and those who survived (80%; 95% CI 
64-96%) during follow up (Table 4). In men without 
AAA at ultrasound screening, and in men who did not 
participate in the screening, hypertension had been 
present in a larger proportion of those who died (71%; 
95% CI 59--83%, and 70%; 95% CI 53-88%, respec- 
tively), compared with survivors (55%; 95% CI 
49-62%, and 63%; 95% CI 49-77%, respectively). Al l  
men who had screening-detected AAA and who died 
during follow up were or had been smokers (Table 4). 
Three-quarters of them were still active smokers at the 
age of 68, compared with 28% of those men with AAA 
who survived, and with 31% of the men who were free 
from AAA. Plasma cholesterol levels at 68 years of age 
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Fig. 1. Five year survival rates in 74-year-old men in relation to participation i  ultrasound screening for abdominal ortic aneurysm (AAA), 
and to the result of the screening procedure. (~)  AAA; (~)  No AAA; ( ) Non-participants. 
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Table 4. Atherosclerotic r sk factors at 68 years of age in relation to abdominal aortic aneurysm (AAA) screening results and to survival 
during 5 years of follow-up in 74-year-old men 
Ultrasound Outcome of 5-year n Hypertension IHD at 68 Plasma cholesterol Smoking habits 
screening at74 follow-up at 68 (%)~ (%)t at 68 (mmol/1)~ at 68 (%)t 
Never Ex-smokers Current 
smokers smokers 
No AAA All men 302 58 (53-64) 14 (10-18) 6.0 (5.9-6.1) 21 (17-26) 48 (42-54) 31 (26-36) 
Alive 248 55 (49-62) 14 (10-18) 6.0 (5.9-6.1) 24 (19-30) 44 (37-50) 32 (26-38) 
Dead 54 71 (59-83) 14 (4-23) 5.9 (5.5-6.2) 7 (0-14) 69 (56-81) 24 (13-36) 
AAA All men 38 79 (66-92) 29 (15-43) 6.2 (5.9-6.5) 10 (1-20) 45 (29-60) 45 (29-60) 
Alive 25 80 (64-96) 24 (7-41) 6.1 (5.7-6.5) 16 (2-30) 56 (37-75) 28 (10-46) 
Dead 13 77 (54-99) 39 (12-65) 6.3 (5.6-6.9) 0 (0- 0) 23 (0-46) 77 (54-99) 
Non participants All men 80 66 (55-77) 22 (12-31) 6.0 (5.8-6.3) 17 (8-26) 41 (30-52) 42 (31-53) 
Alive 50 63 (49-77) 24 (12-36) 6.1 (5.8q5.3) 15 (5-26) 41 (27-55) 44 (29-58) 
Dead 30 70 (53-88) 18 (4-32) 5.8 (5.4-6.5) 20 (6-34) 40 (22-57) 40 (22-57) 
f 95% confidence interval around the estimated proportion. 
Mean (95% confidence interval). 
were not significantly different statistically when 
comparing screening participants with and without 
AAA and non-participants in relation to outcome. 
AAA prevalence in relation to presence of risk factors 
The prevalence of AAA in 74-year-old men was 11.2% 
(38/340). In men who still had been smokers at the age 
of 68 it was 15.5% (17/110), compared with 5.9% 
(4/68) in never smokers (p = 0.054). Men with hyper- 
tension had an AAA prevalence of 14.7% (30/204), 
compared with 6.0% (8/133) in normotensive men 
(p = 0.014). In men with angina pectoris or previous 
MI the AAA prevalence was 21.2% (11/52), whereas it 
was 9.5% (27/284) in men without known previous 
IHD (p = 0.015). 
Discussion 
The high mortality associated with abdominal aortic 
aneurysm (AAA) concurs with that, documented in 
many clinical studies. 6-9" 16-17). However, it should be 
noticed that the majority of deaths among men with 
an aneurysm were due to myocardial  infarction and 
stroke, and that in fact only two individuals died from 
aneurysm rupture. Our observation is in accordance 
with findings from a large screening programme 
where rupture was rare in AAAs with a diameter less 
than 6 cm, 18 and with results from autopsy studies. 19 
Whether screening and early treatment leads to a 
lowered mortality, i.e. whether or not it is efficacious, 
has to be evaluated in a clinical trial. The results of the 
U.K. Small Aneurysm Trial are eagerly awaited. 4 The 
effectiveness of screening on the other hand, i.e. to 
what extent it in fact affects aneurysm mortality in a 
community  setting, can only be investigated in a 
population-based study. One prerequisite to obtain 
reliable results is a very high autopsy rate. Whether or 
not an increase in elective AAA surgery influences 
mortality is controversial. 2°'21 
Although "Men born in 1914" is a relatively small 
cohort it does contribute some results that ought to be 
considered in a discussion about individual and 
public health benefits associated with screening. The 
most beneficial effect associated with early detection 
and treatment in this study was that the six men who 
were surgically treated might have died from rupture 
had they not been operated on. This is equivalent to a 
rise in survival for the entire cohort of 0.8%, which 
then can be considered an estimate of the max imum 
public health benefit associated with screening. The 
high cardiovascular mortality rate associated with 
AAA in this study and in a similar investigation from 
our group 22 implies that a screening-detected aneu- 
rysm should be considered a marker, similar to leg 
artery occlusive disease, of generalised atheroscler- 
osis. 23 The associated risk of death from myocardial  
infarction or stroke also seems to be related to the size 
of the aneurysm. Whether this non-aneurysm ortal- 
ity is preventable by antithrombotic treatment, or by 
other forms of risk factor intervention, remains to be 
evaluated. 
Apart from general screening, screening directed 
against certain risk groups has been advocated. 24Our 
results suggest hat selective ultrasound screening of 
high risk individuals identified on the basis of 
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smoking habits, blood pressure or previous IHD 
would yield a higher prevalence of AAA in the 
screened group. However, as a large proportion of the 
aneurysms were found among individuals where 
these risk factors were not present, such a procedure 
would lead to a low sensitivity i.e. a high proportion 
of false negatives. It is possible that recently dis- 
covered biochemical markers of the aortic wall metab- 
olism may provide a better means for selective AAA 
screening in the future. 25 Male relatives of patients 
with AAA have been proposed as high risk groups for 
AAA screening. 26'27 Although theoretical studies 
based on decision analysis indicate early surgery 
(AAA > 4cm) to be more cost-effective than watchful 
waiting ~8 this has to be established in a clinical stud35 
and data from our study cast some doubt on whether 
or not this will be possible to show. 
In conclusion, our results do not indicate that 
general screening for early detection and treatment of
AAA would be a cost-effective way of reducing the 
mortality from aneurysm rupture in society. The high 
mortality from myocardial infarction and stroke in 
individuals whose aneurysms are repaired suggests 
that early detection and treatment has a very limited 
effect on the expected survival rate for these patients 
due to widespread atherosclerosis. 
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